###### Key questions

What is already known?
======================

-   To date, multimorbidity has been studied mostly in high-income countries, with a small number of studies considering non-high-income countries and very few describing multimorbidity in sub-Saharan Africa and regions with high HIV prevalence.

-   Globally, there is increasing prevalence of multimorbidity among older adults. Compared with persons with a single condition, previous studies have found that multimorbidity is associated with higher mortality rates, health expenditures and frequency of service utilisation, lower self-reported health, physical functioning and well-being.

What are the new findings?
==========================

-   We estimate high prevalence of multimorbidity in this rural South African population. More specifically, we found high prevalence of single and combination of cardiometabolic conditions, even among the poorest households.

-   This older study population also had a high prevalence of HIV, many of whom are experiencing multimorbidity.

-   Contrary to existing literature, we did not see large positive relationships between the number of conditions and age and wealth. Certain conditions occur more in the relatively younger ages (ages 40--59), such as HIV, and others more in relatively older age groups (ages 60 and above), such as diabetes and angina.

What do the new findings imply?
===============================

-   There needs to be higher awareness of chronic multimorbidity in rural South Africa, and more coordinated, long-term integrated care management across multiple chronic conditions, as well as attention to HIV in older populations should be provided.

-   Data on the types of combinations and their frequencies could inform multimorbidity-related treatment guidelines on how care is designed and delivered. Synergies may be generated when certain treatments are bundled together to facilitate better quality of care, reduce the number of visits required and the burden to manage multiple conditions for patients.

Introduction {#s1}
============

The ageing of populations has given rise to greater focus on chronic conditions.[@R1] Health systems are commonly designed to address the burden of specific conditions, with less attention given to the impact of multimorbidity---commonly defined as two or more clinical conditions.[@R2] Compared with persons with a single condition, prior studies have found that multimorbidity is associated with higher mortality rates,[@R3] health expenditures and frequency of service utilisation,[@R4] use of secondary care compared with primary care,[@R8] hospitalisation rates,[@R3] as well as lower self-reported health,[@R10] physical functioning and well-being.[@R11]

Most research on multimorbidity to date has focused on high-income countries,[@R12] with a small number of studies considering non-high-income countries[@R6] and very few describing multimorbidity in sub-Saharan Africa and regions with high HIV prevalence. South Africa is already experiencing high prevalence of both cardiometabolic conditions and HIV infection together with the ageing of the population, and it is expected that an increasingly complex profile of multimorbidity will have a pronounced impact on individuals the health system in the near future.[@R16] This study aims to enhance the evidence base on multimorbidity by developing a comprehensive portrait of the epidemiology of multimorbidity in a rural South African community. To our knowledge, this is one of the few studies considering multimorbidity in an older sub-Saharan African population with a high HIV prevalence.

Methods {#s2}
=======

Study design and participants {#s2-1}
-----------------------------

This study is a cross-sectional analysis of the population-based survey conducted in the Health and Ageing in Africa: a longitudinal study of an INDEPTH Community in South Africa (HAALSI) Programme, at the MRC/Wits Agincourt Health and Demographic Surveillance System site in the Bushbuckridge subdistrict, Mpumalanga Province in South Africa.[@R18] Based on predetermined criteria, the study enrolled 5059 randomly selected participants aged 40+, with household-based interviews completed between November 2014 and November 2015.[@R18] The primary survey instrument queried the demographic, health and economic conditions of individual participants. Dried-blood spots (DBS) were collected to test for haemoglobin A1c, HIV antibody and viral load. Tests for cholesterol (Cardiocheck PA Silver version), haemoglobin (Hemocue HB 201 Analyzer) and glucose (Caresense N Monitor) were measured using point of care machines. Blood pressure and anthropometric measurements were also obtained. More details on data collection are described elsewhere.[@R18]

Patient and public involvement {#s2-2}
------------------------------

MRC/Wits Agincourt Research Unit has been working with the communities of the 32 villages of the study site for many years with a close interaction with the population and their political and traditional representatives. All studies, including HAALSI, were discussed with the Community Advisory Group (CAG) with representatives of all villages before implementation. In this specific study, the study investigators met with the CAG in different occasions to find out what the main issues of adult health were worrying the community and whether the objectives of the study were responding to those worries. The study was based on existing knowledge of health problems of the older population in this community and the discussions with the CAG served as an input to the design of the study.

The recruitment of participants was done after informing the communities (a meeting in each village) about the study. The MRC/Wits Agincourt Research Unit has a Health and Demographic Surveillance System in place which is used as a demographic platform from where to sample for research studies and HAALSI was done in the same manner. Finally, after HAALSI was completed, the main results were communicated back to the community in 2018 with a series of meetings in the communities and with meetings with the local authorities represented in the Community Development Forums.

Selection of conditions and definitions of multimorbidity {#s2-3}
---------------------------------------------------------

The selection of the conditions for this study was driven by the need to be harmonised with the sister studies, such as the Health and Retirement Study in the USA,[@R18] study critical features of HIV/AIDS infection, cardiometabolic disorders and other common diseases in the study area. We selected 10 chronic conditions that were defined based on clear clinical criteria described in [box 1](#B1){ref-type="boxed-text"}, including cardiometabolic conditions (hypertension, dyslipidaemia, diabetes, angina), HIV, mental disorders (depression, post-traumatic stress disorder, alcohol dependence), anaemia and chronic bronchitis. [Online supplementary appendix S1](#SP1){ref-type="supplementary-material"} provides further details of definitions of the conditions. We excluded participants who did not have sufficient information to identify their health status for all 10 selected conditions.
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###### Definitions of the ten chronic conditions

Hypertension was defined as a mean systolic blood pressure of at least 140 mm Hg, mean diastolic blood pressure of at least 90 mm Hg or self-report of current treatment. (While these conditions are often considered as risk factors for cardiovascular diseases, in this study, we take a broader approach and include all conditions that cause morbidity.)

Dyslipidaemia was defined as having elevated total cholesterol (≥6.21 mmol/L), low high-density lipoprotein (1.19 mmol/L), elevated low-density lipoprotein (\>4.1 mmol/L), elevated triglycerides (\>2.25 mmol/L) or self-report of ever being diagnosed with high cholesterol.[@R1]

Diabetes was defined as having glucose ≥126 mg/dL in fasting group (defined as \>8 hours), glucose ≥200 mg/dL in non-fasting samples or self-report of current treatment.[@R1]

Angina was determined using the Rose Chest Pain Questionnaire.[@R42]

HIV status was ascertained either from the collected dried blood spots that showed HIV infection (confirmatory HIV ELISA) or exposure to antiretroviral treatment or self-report of HIV-positive disease status.

Depression was defined based on the Centre for Epidemiological Studies---Depression Scale eight-item questionnaire, using a cut-off of three or more symptoms.[@R43]

Post-traumatic stress disorder was defined as having a score of four or more on a seven-symptom screening scale developed by Breslau and colleagues.[@R44]

Alcohol dependence was defined using the CAGE questionnaire.[@R45]

Anaemia was determined by assessing measured haemoglobin against the recommended cutoffs from the South African National Health and Nutrition Examination Survey.[@R46]

Chronic bronchitis was defined based on whether the individual self-reported a usual cough with phlegm every day for at least 3 months per year for at least two successive years.[@R47]

Two definitions of multimorbidity were applied: the presence of more than one condition[@R2] and the presence of more than one category of conditions. For the latter, based on conditions with similar pathophysiological risk profile or management plans, we identified four groups of conditions: cardiometabolic conditions, mental disorders, HIV and anaemia.[@R20] This latter definition considers the fact that comorbidities within categories are likely to have different determinants and consequences than comorbidities across categories. To illustrate, consider two patients, one with hypertension and dyslipidaemia and another with hypertension and HIV. Under the first definition, both will be considered having multimorbidity with the same number of conditions, while under the second definition, only the latter will be considered multimorbid. In addition, people with HIV are more likely to also have anaemia.[@R21] We therefore explored the patterns of multimorbidity by excluding anaemia from the definition of multimorbidity and presented the results in the [online supplementary appendix S7](#SP1){ref-type="supplementary-material"}. Chronic bronchitis was not included in the second definition because of its low prevalence and lack of good fit into the broader clinical categories.

Measures of physical functioning and well-being {#s2-4}
-----------------------------------------------

Primary measures of functioning included activities of daily living (ADL), positive and negative experience scores and self-rated health. ADL was measured using five questions around daily self-care activities, including difficulty in walking, eating, bathing, getting in/out of bed and using the toilet. Well-being was measured using the positive and negative experience scores calculated using the Gallup World Poll instrument, a commonly applied instrument to assess well-being.[@R22] Finally, a five-point response scale was used (very good, good, moderate, bad and very bad) to construct an ordinal variable for self-rated health with the question, 'In general, how would you rate your health today?'.

Statistical analyses {#s2-5}
--------------------

We performed descriptive analyses of multimorbidity prevalence by key sociodemographic covariates. Multivariable regression analyses were used to assess the relationship between prevalence of multimorbidity or number of conditions/categories of conditions and sociodemographic factors. Covariates included were age, sex, education, country of origin, marital status, household size, employment status and wealth, measured in quintiles based on household asset ownership and created using standard methods.[@R25]

We identified unique, mutually exclusive profiles and explored the frequency of patterns of conditions. We estimated the proportions of multimorbidity by sex and age group, and by HIV status and age group. Finally, the relationships between the number of conditions and the number of categories and various functioning variables were assessed using quasi-Poisson and zero-inflated Poisson regressions. More details on the statistical models can be found in the [online supplementary appendix S2](#SP1){ref-type="supplementary-material"}.

Results {#s3}
=======

Prevalence, distribution and patterns of multimorbidity {#s3-1}
-------------------------------------------------------

Out of the full sample of 5 059, 3889 (76.9%) had complete data on the 10 conditions of interest and were included in these analyses, 23.1% were excluded, most commonly due to missing measurements for HIV and dyslipidaemia ([online supplementary appendix S3](#SP1){ref-type="supplementary-material"}). 9.4% were excluded due to missing DBS results for HIV, and it is likely that we are underestimating HIV prevalence due to those with HIV refusing to be tested. For dyslipidaemia, selection bias is of lower concern since missingness was primary due to issues with the measurement tool and unrelated to individual characteristics. The [online supplementary appendix S3](#SP1){ref-type="supplementary-material"} provides detailed description of the selection process of the analytic sample and the comparison between included and excluded study samples.

Of the study sample, 54.8% were female, average age was 61.7, majority of whom did not have formal education, are currently married, living in a 3--6 person household and not employed ([table 1](#T1){ref-type="table"}). Using the first definition of multimorbidity (presence of more than one condition), 69.4% (95% CI 68.0 to 70.9) of the respondents had at least two conditions and 37.7% (36.2--39.2) had at least three conditions. Using the second definition of multimorbidity (the presence of more than one category of conditions), 53.9% (52.4--55.5) of the sample had at least two categories and 17.5% (16.3--18.7) had at least three categories.

###### 

Number of conditions and categories of conditions by sociodemographic characteristics

  People (n) (%)                             Conditions (n)   Categories of conditions (n)                                                                                                                                                 
  ------------------------------------------ ---------------- ------------------------------ ----------- ------------ ----------- ----------- ---------- --------- -------- ------------- ---------- ------------ ------------ ----------- ---------
  All sample                                 2.18 (1.21)      267 (7%)                       922 (24%)   1233 (32%)   934 (24%)   412 (11%)   102 (3%)   18 (0%)   1 (0%)   1.66 (0.88)   267 (7%)   1524 (39%)   1418 (36%)   614 (16%)   66 (2%)
  Age group                                                                                                                                                                                                                                
   40--49 (17.6**%**)                        1.94 (1.16)      71 (10%)                       184 (27%)   216 (32%)    155 (23%)   48 (7%)     10 (1%)    1 (0%)    0 (0%)   1.62 (0.94)   71 (10%)   259 (38%)    230 (34%)    112 (16%)   13 (2%)
   50--59 (27.5**%**)                        2.19 (1.19)      67 (6%)                        252 (24%)   342 (32%)    268 (25%)   105 (10%)   31 (3%)    4 (0%)    0 (0%)   1.68 (0.91)   67 (6%)    431 (40%)    371 (35%)    172 (16%)   28 (3%)
   60--69 (27.2**%**)                        2.28 (1.24)      58 (5%)                        244 (23%)   335 (32%)    234 (22%)   144 (14%)   33 (3%)    8 (1%)    0 (0%)   1.69 (0.87)   58 (5%)    418 (40%)    386 (37%)    178 (17%)   16 (2%)
   70--79 (17.6**%**)                        2.16 (1.23)      56 (8%)                        159 (23%)   202 (29%)    181 (26%)   68 (10%)    16 (2%)    3 (0%)    1 (0%)   1.61 (0.86)   56 (8%)    264 (38%)    266 (39%)    92 (13%)    8 (1%)
   80+ (10.1**%**)                           2.31 (1.16)      15 (4%)                        83 (21%)    138 (35%)    96 (24%)    47 (12%)    12 (3%)    2 (1%)    0 (0%)   1.69 (0.78)   15 (4%)    152 (39%)    165 (42%)    60 (15%)    1 (0%)
  Sex                                                                                                                                                                                                                                      
   Female (54.8%)                            2.26 (1.23)      135 (6%)                       478 (22%)   646 (30%)    540 (25%)   254 (12%)   64 (3%)    13 (1%)   1 (0%)   1.71 (0.89)   135 (6%)   797 (37%)    797 (37%)    361 (17%)   41 (2%)
   Male (45.2%)                              2.08 (1.17)      132 (8%)                       444 (25%)   587 (33%)    394 (22%)   158 (9%)    38 (2%)    5 (0%)    0 (0%)   1.61 (0.87)   132 (8%)   727 (41%)    621 (35%)    253 (14%)   25 (1%)
  Education                                                                                                                                                                                                                                
   No formal education (45.5%)               2.21 (1.22)      118 (7%)                       407 (23%)   564 (32%)    420 (24%)   202 (11%)   53 (3%)    7 (0%)    0 (0%)   1.69 (0.89)   118 (7%)   675 (38%)    658 (37%)    285 (16%)   35 (2%)
   Some primary edu (1--7 y) (35.4%)         2.22 (1.22)      92 (7%)                        315 (23%)   423 (31%)    349 (25%)   151 (11%)   36 (3%)    9 (1%)    1 (0%)   1.68 (0.88)   92 (7%)    529 (38%)    507 (37%)    227 (16%)   21 (2%)
   Primary or more (8+y) (19.1%)             2.02 (1.15)      57 (8%)                        200 (27%)   246 (33%)    165 (22%)   59 (8%)     13 (2%)    2 (0%)    0 (0%)   1.58 (0.87)   57 (8%)    320 (43%)    253 (34%)    102 (14%)   10 (1%)
  Country of origin                                                                                                                                                                                                                        
   South Africa (69.8%)                      2.18 (1.23)      187 (7%)                       659 (24%)   835 (31%)    643 (24%)   302 (11%)   77 (3%)    12 (0%)   1 (0%)   1.65 (0.88)   187 (7%)   1088 (40%)   978 (36%)    423 (16%)   40 (1%)
   Mozambique/other (30.1%)                  2.16 (1.17)      80 (7%)                        262 (22%)   397 (34%)    289 (25%)   110 (9%)    25 (2%)    6 (1%)    0 (0%)   1.70 (0.90)   80 (7%)    434 (37%)    439 (38%)    190 (16%)   26 (2%)
  Marital status                                                                                                                                                                                                                           
   Never married (4.8%)                      1.97 (1.23)      18 (10%)                       56 (30%)    54 (29%)     39 (21%)    16 (9%)     4 (2%)     1 (1%)    0 (0%)   1.63 (0.93)   18 (10%)   72 (38%)     63 (34%)     32 (17%)    3 (2%)
   Currently married (51.9%)                 2.07 (1.20)      163 (8%)                       527 (26%)   636 (32%)    445 (22%)   195 (10%)   46 (2%)    6 (0%)    (0%)     1.55 (0.85)   163 (8%)   885 (44%)    701 (35%)    242 (12%)   27 (1%)
   Separated/divorced (13.0%)                2.26 (1.17)      24 (5%)                        113 (22%)   163 (32%)    133 (26%)   57 (11%)    11 (2%)    3 (1%)    0 (0%)   1.82 (0.90)   24 (5%)    177 (35%)    180 (36%)    113 (22%)   10 (2%)
   Widowed (30.3%)                           2.35 (1.22)      62 (5%)                        226 (19%)   379 (32%)    316 (27%)   144 (12%)   41 (3%)    8 (1%)    1 (0%)   1.80 (0.89)   62 (5%)    389 (33%)    473 (40%)    227 (19%)   26 (2%)
  Household size                                                                                                                                                                                                                           
   Living alone (10.4%)                      2.28 (1.16)      21 (5%)                        81 (20%)    132 (33%)    124 (31%)   32 (8%)     14 (3%)    2 (0%)    0 (0%)   1.84 (0.89)   21 (5%)    126 (31%)    163 (40%)    88 (22%)    8 (2%)
   Living with one other person (10.4%)      2.20 (1.23)      32 (8%)                        87 (22%)    129 (32%)    90 (22%)    55 (14%)    8 (2%)     2 (0%)    0 (0%)   1.67 (0.88)   32 (8%)    146 (36%)    155 (38%)    65 (16%)    5 (1%)
   Living in 3--6 person household (48.0%)   2.13 (1.21)      140 (8%)                       463 (25%)   590 (32%)    426 (23%)   191 (10%)   50 (3%)    6 (0%)    0 (0%)   1.63 (0.88)   140 (8%)   754 (40%)    666 (36%)    277 (15%)   29 (2%)
   Living in 7+person household (31.2%)      2.21 (1.21)      74 (6%)                        291 (24%)   382 (31%)    294 (24%)   134 (11%)   30 (2%)    8 (1%)    1 (0%)   1.66 (0.88)   74 (6%)    498 (41%)    434 (36%)    184 (15%)   24 (2%)
  Employment status                                                                                                                                                                                                                        
   Employed (part or full time) (15.8%)      2.04 (1.14)      51 (8%)                        147 (24%)   215 (35%)    141 (23%)   48 (8%)     11 (2%)    1 (0%)    0 (0%)   1.61 (0.89)   51 (8%)    249 (41%)    215 (35%)    88 (14%)    11 (2%)
   Other (84.0%)                             2.20 (1.22)      216 (7%)                       774 (24%)   1014 (31%)   791 (24%)   364 (11%)   91 (3%)    17 (1%)   1 (0%)   1.67 (0.88)   216 (7%)   1274 (39%)   1199 (37%)   524 (16%)   55 (2%)
  Wealth index                                                                                                                                                                                                                             
   Quintile 1 (poorest) (20.8%)              2.13 (1.22)      65 (8%)                        194 (24%)   252 (31%)    201 (25%)   70 (9%)     22 (3%)    5 (1%)    0 (0%)   1.71 (0.94)   65 (8%)    296 (37%)    279 (34%)    149 (18%)   20 (2%)
   Quintile 2 (19.9%)                        2.20 (1.21)      51 (7%)                        178 (23%)   247 (32%)    191 (25%)   80 (10%)    21 (3%)    5 (1%)    0 (0%)   1.71 (0.89)   51 (7%)    287 (37%)    288 (37%)    132 (17%)   15 (2%)
   Quintile 3 (19.7%)                        2.14 (1.22)      59 (8%)                        182 (24%)   252 (33%)    165 (22%)   81 (11%)    24 (3%)    2 (0%)    0 (0%)   1.67 (0.91)   59 (8%)    292 (38%)    275 (36%)    123 (16%)   16 (2%)
   Quintile 4 (19.4%)                        2.23 (1.20)      48 (6%)                        169 (22%)   234 (31%)    192 (25%)   90 (12%)    18 (2%)    2 (0%)    1 (0%)   1.65 (0.85)   48 (6%)    294 (39%)    292 (39%)    111 (15%)   9 (1%)
   Quintile 5 (richest) (20.3%)              2.19 (1.19)      44 (6%)                        199 (25%)   248 (31%)    185 (23%)   91 (12%)    17 (2%)    4 (1%)    0 (0%)   1.58 (0.81)   44 (6%)    355 (45%)    284 (36%)    99 (13%)    6 (1%)

Looking at the relationship between age and the number of conditions, we found statistically higher proportion of people with two or more conditions with increasing age up to age 69, compared with the age group just below it ([figure 1A](#F1){ref-type="fig"}, [online supplementary appendix S8](#SP1){ref-type="supplementary-material"}). However, when looking at the proportion of people with three or more conditions, we found a relatively weak relationship among people above age 50. When focusing on age and people with four or more conditions, we observed an inverse U-shape, with the highest percentage with four or more conditions occurring at ages 60--69 (17.5%), significantly higher than any other age group except ages 80 and above. Similarly, we observe a relatively weak relationship between the number of conditions and wealth index: the proportions of people with multimorbidity do not significantly increase nor decrease with wealth ([figure 1B](#F1){ref-type="fig"}, [online supplementary appendix S8](#SP1){ref-type="supplementary-material"}). While the wealthier groups suffered more from cardiometabolic conditions, the poorer groups had higher proportions of anaemia and HIV ([online supplementary appendix S4](#SP1){ref-type="supplementary-material"}). Only the two richest quintiles had significantly higher number of chronic conditions than the poorest quintile ([online supplementary appendix S8](#SP1){ref-type="supplementary-material"}). We further assessed the combinations of age and wealth and the relationship with multimorbidity in the [online supplementary appendix S4](#SP1){ref-type="supplementary-material"}, but the results do not change the descriptions above.

![Distribution of number of chronic conditions and categories of condition by age group and wealth quintile. Distribution of numbers of conditions by age group (A and C). Distribution of numbers of conditions by wealth quintile (B and D).](bmjgh-2018-001386f01){#F1}

When we applied the second definition of multimorbidity (number of categories of conditions), we observe similar trends but none were statistically significant. We found slightly higher proportion of people with two or more categories and lower proportions of people with three or more categories with higher age ([figure 1C](#F1){ref-type="fig"}). On the other hand, we observed a negative (but non-significant) relationship with wealth, since the richer groups tended to have several cardiometabolic conditions that were considered to be one category ([figure 1D](#F1){ref-type="fig"}).

The [figure 2](#F2){ref-type="fig"} shows the prevalence of pairwise comorbidities of the 10 conditions. The most common clusters of conditions were the combinations of different cardiometabolic conditions, cardiometabolic conditions and depression, HIV and anaemia and the combinations of different mental disorders. There were 212 mutually exclusive disease profiles ([online supplementary appendix S5](#SP1){ref-type="supplementary-material"}). The most common profile was having hypertension alone (11.7% of the full sample), followed by hypertension and dyslipidaemia (9.4%), no condition (6.9%) and hypertension and anaemia (6.4%). More than half of the population had multimorbidity, approximately 15.8% (14.7--17.0) of the population had three categories and 1.7% (1.3--2.1) had all four ([online supplementary appendix S6](#SP1){ref-type="supplementary-material"}).

![Prevalence of chronic conditions and their co-occurrence probabilities. The size of the bubble reflects the relative magnitude of prevalence. AlcDep, alcohol dependence; PTSD, post-traumatic stress disorder.](bmjgh-2018-001386f02){#F2}

Comparing the proportion of multimorbidity across age, sex and HIV status ([figure 3](#F3){ref-type="fig"}), females have significant higher number of chronic conditions. The gap between the sexes was wider when considering number of categories instead of conditions ([figure 3A](#F3){ref-type="fig"}), with the gap narrowing with age. However, the differences between the two sexes under both definitions were not statistically significant. Comparing the prevalence for each condition, females had significantly higher prevalence of hypertension, depression and angina, whereas males had statistically higher prevalence of alcohol dependence ([online supplementary appendix S4](#SP1){ref-type="supplementary-material"}). We did not see differences in the probabilities of having multimorbidity between those with and without HIV under the first definition of multimorbidity (and excluding HIV) ([figure 3B](#F3){ref-type="fig"}). When applying the second definition of multimorbidity (and excluding HIV), respondents with HIV had a higher proportion of multimorbidity for all age groups. The difference in the proportion of multimorbidity between people with and without HIV is the greatest, though not statistically significant, in the 60--69 age group, compared with the reference group. The same set of results in which anaemia is excluded from the definition of multimorbidity is presented in the [online supplementary appendix S7](#SP1){ref-type="supplementary-material"}.

![Proportion of people with multimorbidity, defined as having more than one condition or having more than one category of conditions, by age, sex and HIV status. (A) Proportion of people with multimorbidity, defined as having more than one condition or having more than one category of conditions, by age and sex. (B) Proportion of people with multimorbidity, defined as having more than one condition (excluding HIV) or having more than one category of conditions (excluding HIV), by age and HIV status.](bmjgh-2018-001386f03){#F3}

Factors associated with multimorbidity {#s3-2}
--------------------------------------

Age, marital status and wealth were positively associated with higher numbers of chronic conditions. In applying the first definition of multimorbidity as the outcome, age, marital status and wealth quintiles were positively associated with having multimorbidity, whereas a larger household size was negatively associated ([online supplementary appendix S8](#SP1){ref-type="supplementary-material"}). In contrast, under the second definition, only marital status was positively associated with having multimorbidity, while household size was negatively associated.

Relationship between multimorbidity and physical functioning and well-being {#s3-3}
---------------------------------------------------------------------------

Both physical functioning and well-being declined with increasing numbers of conditions and categories ([online supplementary appendix S9](#SP1){ref-type="supplementary-material"}). As expected, the number of ADL limitations and negative experiences increased with the number of conditions/categories, whereas positive well-being score and self-reported health decreased. Having multimorbidity was associated with having more limitations in ADLs, negative experiences, fewer positive experiences and lower self-rated health.

Discussion {#s4}
==========

This study investigated the prevalence and patterns of multimorbidity, factors associated with multimorbidity and its association with physical functioning and well-being in an older rural South African population. We estimated high proportion of the study sample with multimorbidity in this rural population, under both definitions used in this study. In addition to high prevalence of cardiometabolic conditions, we found that close to one in four persons had HIV. Commonly found positive relationships between multimorbidity and age and wealth were not found in this study, whereas measures of physical functioning and well-being were negatively associated with multimorbidity.

Only a handful of recent multimorbidity studies have been conducted in sub-Saharan Africa, all of which analysed data from the first wave of the WHO's Study on global AGEing and adult health.[@R7] Our study has the advantage of including a broader range of conditions, such as HIV, anaemia and mental disorders, most of which were objectively measured, thus filling a gap in the multimorbidity literature that is dominated by studies in high-income or low-HIV prevalence settings. Second, we adopted two definitions of multimorbidity to account for potential synergies between similar conditions and additional complexity due to different needs and severity of conditions. Third, we used a population-based survey, unlike other studies that rely only on administrative records from health facilities, which may be vulnerable to selection bias. Finally, this study focused only on people aged 40+ and analysed the relationship between age and multimorbidity using 10-year age intervals. Compared with most studies that included the younger population or applied a wider age range (eg, age groups of 18--49, 50--64 and 65 and above), our analysis in 10-year age increments allowed us to observe unique patterns between age and multimorbidity that were not identified elsewhere.[@R7]

This study has several key findings. First, the prevalence of multimorbidity in this population was high, consistent with existing literature.[@R6] We found high prevalence of single and combination of cardiometabolic conditions, even among the poorest quintiles ([online supplementary appendix S4](#SP1){ref-type="supplementary-material"}).[@R28] Data on the types of combinations and their frequencies could inform multimorbidity-related treatment guidelines on how care is designed and delivered. Synergies may be generated when certain treatments are bundled together to facilitate better quality of care, reduce the number of visits required and the burden to manage multiple conditions for patients.[@R29]

Second, this population had a high prevalence of HIV, at 23%. A study from a similar setting found significant increases in adult life expectancy due to the scale up of antiretroviral treatment (ART) in recent years,[@R32] which may explain high prevalence even among this older population. Differences in HIV prevalence between age groups ([online supplementary appendix S4](#SP1){ref-type="supplementary-material"}) may reflect the differences in sexual behaviour and changes in public health strategies across time. With increasing survivorship, we expect to continue to see high prevalence of HIV in our study population over the coming years with an ageing population on ART. In this study, we also found that people living with HIV have high prevalence of multimorbidity. South Africa's HIV prevention and treatment programmes have expanded rapidly over the years, yet, currently the majority of prevention programmes are largely focused on younger adults with less complicated disease profiles.[@R33] Our findings highlight the importance of providing integrated care, such as campaigns that combine communicable and non-communicable disease screenings into a community-level HIV testing drive that was successfully implemented in rural Uganda.[@R34]

Third, contrary to other studies,[@R8] we do not see large positive relationships between the number of conditions and age and wealth. One reason is because other studies include much younger age groups (eg, adults aged 18--39 years). Certain conditions occur more in the relatively younger ages (ages 40--59), such as HIV, and others more in relatively older age groups (ages 60 and above), such as diabetes, and angina. Similarly, we observe higher prevalence of HIV in the poorest quintile, compared with higher prevalence of cardiometabolic conditions in the richest quintile. Thus, simply adding the number of conditions leads to a relatively weak relationship between the number of conditions and age and wealth. One possible explanation could be that older people with more conditions are less likely to survive, and hence cannot be observed. Similarly, in contrast to prior studies,[@R36] we did not see differences in the probabilities of having multimorbidity between those with and without HIV under the first definition of multimorbidity, likely due to the inclusion of anaemia in the analysis, as these two conditions often co-occur. With regard to the relationship between multimorbidity and wealth, we find that simply adding the number of conditions masks the different epidemiological patterns that occur across wealth quintiles, with the richest quintiles facing more cardiometabolic conditions and the poorest quintiles having higher rates of HIV and anaemia. Finally, our findings are consistent with previous work showing that physical functioning and well-being decrease with multimorbidity.[@R12]

This study has several limitations. First, restricting to ages 40 years and older may have reduced variability, making it harder to detect associations between factors and outcomes. Second, all conditions were weighted equally in the first definition, by taking a simple count without considering the severity of each. We attempted to address this issue by categorising concordant conditions together. Third, the number and selection of conditions considered must have affected our results. We only included study participants with non-missing disease status of all 10 conditions, though estimated prevalence of HIV and dyslipidaemia, two of the most common missing data, are in the similar ranges as the population estimates of the broader region. Fourth, some conditions were diagnosed using biological criteria whereas some were based on self-reported symptoms and thus may result in an underestimation or overestimation of the population prevalence. For example, in the case of chronic bronchitis, we would expect higher prevalence if spirometry or pulmonary function tests were performed.[@R39] Fifth, the study is cross-sectional in nature, and thus, we cannot prove any causal relationship nor can we explore the onset or timing of symptom manifestations. Finally, measures of physical functioning and well-being were self-reported, which may have introduced the potential for inaccuracies of over-reporting or under-reporting of performances. However, these measures are commonly applied in the literature, and subjective judgments of how people perceive functioning are also of value to our work.

In an ideal setting, multimorbidity would be managed by well-trained providers who would address all needs of the patient and maintain a long-term relationship to ensure coordination and care continuity. Clinical guidelines that stipulate which additional comorbidities providers should anticipate or concurrently managed would be readily available and integrated into routine provider training. However, this ideal scenario is often not present even in resource-rich health systems, let alone in a rural poor community. The Integrated Chronic Disease Management (ICDM) model was recently introduced in South Africa with the aim of 'ensuring an integrated response of communicable and non-communicable chronic diseases'.[@R40] It was also designed to reduce HIV-related stigma by using the same consultation rooms and being seen by the same providers for all. In the context of Agincourt, a person with any symptom or condition arrives at one of the local clinics and is greeted by nurse practitioners who is expected to address all patient needs, follow guidelines to address the chief complaint and diagnose and manage any additional comorbidities. However, real-life barriers, such as long waiting times, staff shortage and poor integration between vertical HIV programmes and general services, negatively affected the implementation of ICDM in Agincourt.[@R41]

Our study provides needed information for planning primary healthcare needs and chronic care health services that will increasingly have to treat individuals with multimorbidity. The findings indicate a strong need for coordinated, long-term integrated care management for those with multimorbidity and highlight the importance and urgency of ensuring successful implementation of the ICDM model.
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